It is still unclear how implicit prior knowledge is involved in the extraction of the statistical structure underlying sensory input. Therefore, this study investigated whether the implicit knowledge on 2 nd order transitional probabilities characterizing a stream of visual stimuli impacts the processing of unpredictable transitional probabilities embedded in a similar input stream. Young adults (N = 50) performed a four-choice reaction time (RT) task that consisted of structured and unstructured blocks. In the structured blocks, an alternating regularity repeated, yielding more probable and less probable short-range non-adjacent transitional probabilities. In the unstructured blocks, without the presence of the alternating regularity, the unique combinations of the short-range transitional probabilities occurred with equal probability, therefore, they were unpredictable. All task blocks were visually identical at the surface level. While one group of the participants completed first the structured blocks followed by the unstructured blocks, this was reversed in the other group. Participants completing first the structured blocks showed faster RTs to more probable than to less probable short-range transitional probabilities in both the structured and unstructured blocks, indicating the transfer of prior knowledge. In contrast, participants completing first the unstructured blocks showed this RT effect only in the structured blocks. These results overall suggest that, during the learning of serial dependence, the implicitly acquired prior knowledge on a transitional probability structure influences the processing of unstructured stimuli through the formation of internal models.
Introduction
Acquiring implicit knowledge on the statistical structure organizing environmental events is crucial for many cognitive functions and contributes to the automatization of behaviors (Armstrong, Frost, & Christiansen, 2017; Aslin, 2017; Kaufman et al., 2010; Maheu, Dehaene, & Meyniel, 2019) . This ability involves not only the mere extraction of various statistical structures but also the efficient use of the acquired implicit knowledge across situations that differ in specific features at the surface level but share common features at the structural level. In everyday life, if conditions are substantially similar, we usually learn fast how to use the updated versions of applications or operating systems without checking manuals, running online searches, or even consciously accessing the course of our actions by transferring previous experiences. However, many aspects of how the generalization or transfer of the already acquired implicit knowledge takes place have remained unanswered (Robertson, 2018) . Here, we focus on one aspect of this process in an implicit statistical learning situation: The transfer of the relationship between elements of a sequence (cf. Mosha & Robertson, 2016) . Particularly, we investigate whether the implicit knowledge on transitional probabilities characterizing a stream of visual stimuli could be transferred across experimental task blocks that appear the same at the surface level but share common as well as distinct features at the structural level.
The processing of new information and the forming of expectations about future events are guided by those inferences that are based on prior experiences according to the broad frameworks of cognitive processing, learning, and decision making (e.g., Daw, Gershman, Seymour, Dayan, & Dolan, 2011; Friston, 2005; Friston, 2010; Friston, Stephan, Montague, & Dolan, 2014; Griffiths, Kemp, & Tenenbaum, 2008; Shohamy & Daw, 2015) .
This also pertains to implicit statistical learning. For instance, the experienced features of statistical structures spontaneously occurring in random sequences influenced randomness perception and random sequence generation (Hahn & Warren, 2009; Sun et al., 2015; Sun & Wang, 2010; Warren, Gostoli, Farmer, El-Deredy, & Hahn, 2018) . In addition, it was shown that the primarily experienced statistical structure limited the capacity to acquire the successive statistical structure (Gebhart, Aslin, & Newport, 2009 ). The persistency of the primarily acquired statistical structure and its influence on further processing were shown by event-related brain potentials, as well (Honbolygó & Csépe, 2013; Mullens et al., 2014; Todd, Provost, & Cooper, 2011) . Findings of binary choice experiments also underpinned the relevance of implicit prior expectations. Namely, the so-called probability-matching behavior (i.e., matching choice probabilities to outcome probabilities instead of the optimal maximizing strategy) was linked to the tendency to search for an underlying statistical structure (e.g., Feher da Silva & Baldo, 2012; Gaissmaier & Schooler, 2008) . It was also observed that the generation of sequence-wide expectations increased the frequency of this behavior (James & Koehler, 2011) . Overall, previous findings highlight the role of prior internal models in the implicit processing of statistical structures. Meanwhile, the investigation of how the direct manipulation of these models influence the transfer of implicit knowledge across similar learning situations is still lacking.
Different statistical structures can be acquired from the same stimulus sequence (Conway & Christiansen, 2001; Daltrozzo & Conway, 2014) . According to the model proposed by Meyniel, Maheu, and Dehaene (2016) , instead of simpler statistics such as frequencies and alternations of events, the computation of time-varying, non-stationary, local transitional probabilities between consecutive events could be considered as the "building block" of implicit statistical learning and knowledge (see also Orbán, Fiser, Aslin, & Lengyel, 2008) . This model explains a wide range of experimental results, including sequential effects in reaction time studies, the biased perception/generation of random sequences, novelty/surprise effects in EEG and fMRI studies, and the processes related to word 5 segmentation. In addition, accumulating evidence also suggests that sensitivity to simpler statistics and to more complex transitional probabilities are related to multiple time scales at the level of brain signals (Kóbor et al., 2018; Maheu et al., 2019) . Altogether, these findings warrant the closer examination of the acquisition and transfer of transitional probabilities.
Among the different transitional probabilities, humans have been found to be highly proficient in extracting the non-adjacent ones referring to predictive relations between elements of a sequence that includes ordered stimuli interspersed with random ones (Frost & Monaghan, 2016; Mueller, Milne, & Männel, 2018; Rey, Minier, Malassis, Bogaerts, & Fagot, 2018) . Therefore, here, we focus on the implicit processing of a sequence composed of 2 nd order non-adjacent transitional probabilities, where elements in position n -2 predict elements in position n.
From a methodological point of view, it is not obvious how one investigates what has
been learned about the statistical structure underlying a given sequence or whether generalization has occurred. The study of Reed and Johnson (1994) suggests that to appropriately test whether the complex statistical structure per se has been learned, instead of a random transfer sequence, one should use training and transfer sequences that differ only in 2 nd order transitional probabilities but are identical in terms of 1 st order transitional probabilities and other simpler statistics (e.g., location frequency, transition frequency, reversal frequency, coverage, transition usage). By controlling for the latter characteristics of the training and transfer sequences, it can be ensured that the RT disruption across the sequences is due to acquiring the 2 nd order transitional probability structure that changed from the training to the transfer sequence. The study of Reed and Johnson (1994) , however, applied deterministic sequences, in which a certain stimulus was fully determined by the previous two stimuli. This leaves the question open how transfer occurs when more and less probable shortrange relations can be identified as part of probabilistic sequences. Particularly, the 6 investigation of probabilistic sequences could provide insight into how implicit statistical learning operates in more general fields such as language acquisition and language processing (e.g., Christiansen, 2018; Saffran, Aslin, & Newport, 1996; Siegelman, Bogaerts, Christiansen, & Frost, 2017) .
For this purpose, to measure the implicit acquisition and transfer of a 2 nd order nonadjacent transitional probability structure, the present study used a specific four-choice reaction time (RT) task. This task, unknown to participants, in half of the task blocks, included an alternating regularity between non-adjacent trials yielding more probable and less probable short-range transitional probabilities (see Fig. 1 ). The short-range transitional probabilities were three successive trials, hereafter referred to as triplets. In the other half of the task blocks, the alternating regularity was absent but the unique triplets remained. The task blocks were labeled as structured and unstructured blocks, according to the presence or absence of the alternating regularity. While one group of the participants completed first the structured blocks followed by the unstructured blocks, the other group completed first the unstructured blocks followed by the structured blocks. By controlling for the probability of the triplets in the unstructured blocks, i.e., each appearing with equal probability, we tested whether acquisition has occurred at the level of transitional probabilities. If acquisition occurred this way, the RT difference between the more probable and less probable triplets would be comparable across the structured and unstructured blocks for participants completing the structured blocks first, because the primarily acquired implicit knowledge would have influenced the processing of stimuli in the further blocks. On the contrary, participants completing the unstructured blocks first could not become tuned to perceive the relations of stimuli primarily as triplets. Accordingly, their acquisition of the transitional probabilities would occur only over the structured blocks in a gradual manner.
Material and methods

Participants
Fifty healthy young adults took part in the experiment. They were undergraduate students from Budapest, Hungary. Participants had normal or corrected-to-normal vision, and according to the pre-defined inclusion criteria, none of them reported a history of any neurological and/or psychiatric condition, and none of them was taking any psychoactive medication. Half of the participants was randomly assigned to the Structured-first group (n = 25), while the other half was assigned to the Unstructured-first group (n = 25). The groups were differentiated by which half of the experimental task they started with; this is explained in the Procedure section below. Descriptive characteristics of participants in the two groups and their performance on standard neuropsychological tests are presented in Table 1 . All participants provided written informed consent before enrollment and received payment (ca.
12 Euros) or course credit for taking part in the experiment. The study was approved by the United Ethical Review Committee for Research in Psychology (EPKEB) in Hungary and was conducted in accordance with the Declaration of Helsinki.
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Experimental task
The Alternating Serial Reaction Time (ASRT) task. Implicit acquisition of 2 nd order transitional probabilities was measured by a modified version of the ASRT task (Nemeth et al., 2010; Takács et al., 2018) , which was optimized for a future fMRI study using a block design. In this task, a stimulus (a dog's head) appeared in one of four horizontally arranged empty circles on the screen (see Fig. 1C ). Participants were instructed to press as quickly and accurately as participants were clearly informed about the unusual mapping between spatial positions and response keys in the task instruction. During a practice phase with at least two mini-blocks of fifteen random trials each, participants had the chance to practice these stimulus-response mappings until they felt confident in proceeding to the main task. (The experimenters also required them to achieve 98% of accuracy at least in the final mini-block).
In the original ASRT task, unbeknownst to participants, the stimuli are presented according to an eight-element sequence, within which predetermined/pattern (P) and random (r) elements alternate with one another. For instance, 2 -r -1 -r -3 -r -4 -r is one of the sequences, where numbers denote the four predetermined positions on the screen from left to right and rs denote the randomly chosen positions out of the four possible ones (see Fig. 1A ).
There are 24 permutations of the four positions that could determine the applied sequence; however, because of the continuous presentation of the stimuli, there are only six unique permutations: 1 -r -2 -r -3 -r -4 -r, 1 -r -2 -r -4 -r -3 -r, 1 -r -3 -r -2 -r -4r, 1 -r -3 -r -4 -r -2 -r, 1 -r -4 -r -2 -r -3 -r, and 1 -r -4 -r -3 -r -2 -r. Note that each of these six permutations can start at any position; e.g., 1 -r -3 -r -4 -r -2 -r and 2 -r -1 -r -3 -r -4 -r are identical sequence permutations.
The alternating regularity yields a probability structure in which some chunks of three successive trials (triplets) occur more frequently than others. In the case of the 2 -r -1 -r -3 -r -4 -r sequence, 2 -X -1, 1 -X -3, 3 -X -4, and 4 -X -2 triplets (X denotes the middle trial of the triplet) occur frequently since these triplets could have P -r -P or r -P -r structure. Meanwhile, for instance, 1 -X -2 and 4 -X -3 triplets occur less frequently since they could only have a r -P -r structure (see Fig. 1A ). The former triplets are referred to as high-probability triplets while the latter ones are referred to as low-probability triplets (e.g., Nemeth & Janacsek, 2011; Nemeth, Janacsek, Polner, & Kovacs, 2013) . Construction of triplets could be considered as a method for identifying a hidden probability structure of the ASRT task. Namely, the final trial of a high-probability triplet is a probable (predictable) continuation for the first trial of the triplet while the final trial of a low-probability triplet is a less probable continuation. For instance, in the case of the above-mentioned sequence, if the first trial of a triplet is position 3, it is more likely (with 62.5% probability) to be followed by position 4 as the third trial than either position 1, 2, or 3 (with 12.5% probability each). Each trial (stimulus) is categorized as either the third trial of a high-or a low-probability triplet.
Accordingly, the construction of triplets is applied as a moving window throughout the entire stimulus set: The third trial of a triplet is also the second trial of the following triplet, and so on; thus, all stimuli are categorized this way Kóbor et al., 2018; Szegedi-Hallgató et al., 2017) . There are 64 possible triplets in the task: 16 of them are high-probability triplets and 48 are low-probability ones. With respect to the unique triplets, the third trials of high-probability triplets are five times more predictable based on the first trials than those of the low-probability triplets.
Generation and selection of the unstructured sequences. Besides the original structured ASRT sequences that included the alternating regularity, unstructured sequences, in which the alternating regularity was absent, were generated and selected to match the structured ASRT sequences in two aspects. First, both sequence types had to contain the same number of trials as they determined stimulus presentation in equal number of blocks. This meant the presentation of altogether 1920 triplets distributed over 48 blocks with 40 triplets in each, respectively (see below). Second, unstructured sequences had to contain the same 64 triplets as the structured sequences; however, the probability of occurrence of each unique triplet type had to be equal in the unstructured sequences. Therefore, each of the 64 triplets 10 had to occur 30 times (1920 triplets in total) in any of the generated unstructured sequences but without the presence and repetition of the alternating regularity.
For this purpose, without the use of the alternating regularity, several trial sets were generated in MATLAB 2015a (The MathWorks Inc., Natick, 224 MA, USA). Particularly, by randomly changing one trial of the trial sets at a time, the trial set minimizing the deviation from the optimal 30 times of occurrence was selected (the maximal error was set to two).
Using this algorithm, a dozen of trial sets satisfying this criterion were kept. These trial sets were then subjected to three further constraints: (1) the maximal repetition of a unique triplet in any of the blocks could be no more than four; (2) the maximal immediate repetition of a trial [position] could be no more than five across the entire trial set; (3) in larger time bins (16 blocks) of the unstructured trial set, the overall occurrence probability of triplets that can be categorized as high-vs. low-probability in the structured ASRT sequences, should approximate 25% and 75%, respectively, since there are 16 unique high-probability and 48 unique low-probability triplets for a given ASRT sequence (see above the ASRT task description). This third constraint ensured that at the level of unique triplets, transitional probabilities were equal. Six of the trial sets were appropriate regarding constraints (1) and (2). Stimuli of these six trial sets were categorized into triplets following either of the six unique structured ASRT sequences (see Fig. 1B ); and, constraint (3), i.e., the ratio of highand low-probability triplets, was checked on these categorized trial sets. Finally, altogether 19 trial sets satisfied all three constraints and were kept using as unstructured sequences.
When assigning the structured ASRT and unstructured sequences to participants, we ensured that the distribution of the six unique ASRT sequence types was even across the two groups. The 1 -r -2 -r -3 -r -4 -r sequence was used five times, all the other sequences were used four times in each of the groups (i.e., for 25 participants per group). For each participant, the selection of a sequence from the six unique types was pseudorandom. The applied files containing the structured ASRT and unstructured sequences were matched oneto-one across the two groups. Note that for each respective participant, at the level of unique triplets, the identified high-and low-probability triplets were the same in the unstructured sequences as in the structured ASRT sequences (see Fig. 1A-B ).
As a result of the procedure used for generating, selecting, and matching the sequences, in the present sample, the distribution of high-and low-probability triplets did not differ across the four stimulus positions either in the structured ASRT (χ 2 (3) = 4.86, p = .183) or in the unstructured sequences (χ 2 (3) = 0.02, p = .999); in addition, these associations between triplet distribution and stimulus position did not differ across the sequence types (Wald χ 2 (3) = 2.34, p = .504). When the high-and low-probability triplet categories were collapsed, the distribution of stimulus positions across sequence types also did not differ (χ 2 (3) = 1.56, p = .670). This way, lower-level characteristics of the sequences would not account for the assumed between-sequence RT variations related to acquiring the 2 nd order transitional probability structure (cf. Reed & Johnson, 1994) .
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Procedure
An experimental trial started with the presentation of the stimulus at one of the four positions for 500 ms. After stimulus offset, the image of the four positions was displayed for 200 ms.
Then, the next trial started, yielding a 700-ms-long inter-trial-interval. The behavioral response (key-press) was expected during the whole trial from stimulus onset until the end of the trial (i.e., for altogether 700 ms, see Fig. 1C ). These trial events were always the same with fix durations, irrespective of whether participants provided correct, incorrect, or missing response(s). In this task version, no feedback was presented as a function of the quality of the response. The lack of feedback presentation and the fact that participants could proceed with the trial without providing the correct response ensured that each trial and each block had the same lengths, respectively. Importantly, only correctly responded trials were analyzed in the present study. One block of the task contained 42 trials. There were 48 blocks with the structured ASRT sequence and 48 blocks with the unstructured sequence. In each of the structured blocks, the eight-element-long alternating regularity repeated five times after two starter trials that were not categorized as triplet elements (since also the foremost triplet technically required three successive trials). The alternating regularity was missing from the unstructured blocks, but, as in the structured blocks, 40 triplets followed the two starter trials that were not categorized as triplet elements. After each block, participants received feedback (lasting for 10, 12, or 14 secs [mean = 12 sec]) about their mean reaction time and accuracy in the given block. Altogether 96 blocks were completed (4032 trials in total).
The Structured-first group completed 48 structured blocks followed by 48 unstructured blocks. The Unstructured-first group completed 48 unstructured blocks followed by 48 structured blocks. All participants proceeded with the task from its structured/unstructured to unstructured/structured half without receiving information about any change in the task (see Fig. 1D ). Two breaks (1.5 mins each) were inserted after the 32 nd and 64 th blocks, in which participants could have had a short rest. The experimental procedure lasted about 1.5 hours including the administration of a short post-task questionnaire. This assessed participants' task-solving strategies and their consciously accessible knowledge about the structure of the task and the transitional probabilities Nemeth, Janacsek, & Fiser, 2013; Song, Howard, & Howard, 2007) . Namely, participants were asked whether (1) they followed any task-solving strategies to improve their performance and (2) if yes, to what extent they found it efficient; (3) whether they noticed anything special regarding the task; (4) whether they noticed any regularity in the sequence of stimuli; and (5) whether they noticed any substantial change in the sequence of stimuli. The first author (AK) qualitatively rated participants' answers to question (1) and (2), and rated the answers to questions (3), (4), and (5) on a 5-item scale (1 = "Nothing noticed", 5 = "Total awareness"). None of the participants reliably reported noticing the alternating regularity, the presence and repetitions of the triplets, or any change in the stimulus sequence between the task halves (the mean score for the three questions is 1.006, SD = 0.082). Although participants reported several strategies they found somewhat facilitating (e.g., counting the stimuli, fixating to the center of the screen, catching the rhythm of trials by silently singing, bouncing their legs, or moving their fingers), these were unrelated to the hidden structure of the task. Only one participant reported trying to search for some "logic" in the sequence but as a subjectively inefficient strategy.
The current ASRT task variant was written in and controlled by the MATLAB 2015a using the Psychophysics Toolbox Version 3 (PTB-3) extensions (Brainard, 1997; Pelli, 1997) .
Stimuli were displayed on a 15" LCD screen at a viewing distance of 100 cm.
Neuropsychological tests (see section Participants) were administered a few days before the main experiment during a one-hour-long session.
Statistical analysis
Behavioral evidence accumulated so far indicates that participants respond increasingly faster to high-probability triplets compared with low-probability ones as the ASRT task progresses (e.g., Janacsek, Ambrus, Paulus, Antal, & Nemeth, 2015; Kóbor et al., 2017; Nemeth et al., 2010; Nemeth, Janacsek, Polner, et al., 2013; Takács et al., 2017; Tóth et al., 2017) .
Therefore, we measured whether triplet learning contrasting high-and low-probability triplets occurred over the course of the task on both the structured ASRT sequences and the unstructured sequences. Independent of triplet learning, we also measured general skill improvements (faster RTs), which reflect more efficient visuomotor and motor-motor coordination due to practice (Hallgató, Győri-Dani, Pekár, Janacsek, & Nemeth, 2013) .
Following the standard data analysis protocol established in previous studies using the ASRT task (e.g., J. H. Howard, Jr. & Howard, 1997; Kóbor et al., 2017; Nemeth, Janacsek, Polner, et al., 2013; Song et al., 2007; Virag et al., 2015) , two types of low-probability triplets -repetitions (e.g., 1 -1 -1, 4 -4 -4) and trills (e.g., 1 -2 -1, 2 -4 -2, see Fig. 1B ) -were eliminated from the analyses, because pre-existing response tendencies have often been shown to them (D. V. Howard et al., 2004) . In addition, eight-block-long units of the task were collapsed into larger time bins labeled as epochs, yielding altogether six structured epochs (containing the ASRT sequence) and six unstructured epochs (containing the unstructured sequence). From this point of view, while the Structured-first group performed six structured epochs followed by six unstructured epochs, the Unstructured-first group performed six unstructured epochs followed by six structured epochs. Epochs are labeled consecutively in this paper (1, 2, etc.) within each sequence type. For each participant and epoch, separately for high-and low-probability triplets, median RT was calculated only for correct responses. Triplet learning scores in the structured as well as in the unstructured epochs were then calculated as the RT difference between triplet types (RTs to lowprobability triplets minus RTs to high-probability triplets). Overall triplet learning scores were considered for the structured and unstructured epochs, respectively, as the mean of scores calculated for each of the six epochs.
Triplet learning was first quantified with a four-way mixed design analysis of variance (ANOVA) with Sequence (structured vs. unstructured), Triplet (high-vs. low-probability), and Epoch (1-6) as within-subjects factors and Group (Structured-first group vs.
Unstructured-first group) as a between-subjects factor on the RTs. Second, to follow up the obtained effects and to more directly test the change in triplet learning as a function of the different epoch/sequence types, three-way mixed ANOVAs with Triplet and Epoch as withinsubjects factors and Group as a between-subjects factor were performed on the RTs related separately to the structured and unstructured epochs. Third, to test the change in triplet learning as a function of group assignment, three-way repeated measures ANOVAs with Sequence, Triplet, and Epoch as within-subjects factors were performed separately in the Structured-first and Unstructured-first group. Fourth, to follow up the previous group-wise analyses, ANOVAs with Triplet and Epoch as within-subjects factors were performed in the Structured-first group on the RTs related to the structured and the unstructured epochs, respectively; and the same two ANOVAs were conducted in the Unstructured-first group. In all ANOVAs, the Greenhouse-Geisser epsilon (ε) correction (Greenhouse & Geisser, 1959) the structured and the unstructured epochs and across the two groups experiencing the epoch/sequence types in a different order. In the Results section below, we use these terms when describing the observed statistical effects.
Results
Overall analysis
The Sequence (structured vs. unstructured) by Triplet (high-vs. low-probability) by Epoch
(1-6) by Group (Structured-first group vs. Unstructured-first group) overall ANOVA on the RTs revealed the significant main effects of Sequence, F(1, 48) = 6.77, p = .012, The Sequence * Triplet * Epoch interaction tended to indicate that the change of triplet learning over the course of the task differed between the epoch/sequence types. The Sequence * Epoch * Group interaction showed that between-groups differences emerged as a function of first experiencing the structured or the unstructured half (i.e., six epochs) of the task.
Particularly, while the Structured-first group became increasingly faster over the structured epochs due to practice and showed similar RTs over the unstructured epochs, this was reversed in the Unstructured-first group, where increasingly faster RTs were observed over the unstructured epochs and similar RTs over the structured epochs (see Fig. 2 ). This effect suggests that general skill improvements were found in the first half of the task, irrespective Importantly, the Sequence * Triplet * Group interaction indicated that the difference in triplet learning between the structured and unstructured epochs varied across the groups, which is regarded as the transfer effect (see Fig. 2 ). This interaction did not reliably vary as a function of practice with the task as shown by the non-significant four-way interaction of Sequence * Triplet * Epoch * Group, F(5, 240) = 0.61, ε = .814, p = .661, η p 2 = .012.
According to pair-wise comparisons (see Fig. 3 ), in the Structured-first group, the extent of triplet learning was similar between the structured and unstructured epochs (6.3 ms vs. 4.6 ms, p = .171), while in the Unstructured-first group, it was significantly larger over the structured epochs than over the unstructured epochs (5.9 ms vs. -0.4 ms, p < .001). Similarly, the extent of triplet learning did not differ between the groups over the structured epochs (6.3 ms vs. 5.9 ms, p = .840) but it was significantly larger in the Structured-first group than in the task halves with the structured and unstructured epochs were collapsed, the trajectory of triplet learning would differ across the groups. The Sequence * Triplet * Group interaction suggesting the transfer effect is further followed-up below by more detailed analyses.
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Separate analysis of the structured and unstructured epochs
The Triplet by Epoch by Group ANOVA on the RTs related to the structured epochs revealed the significant main effects of Triplet, F(1, 48) = 56.00, p < .001, indicating that triplet learning increased with practice and general skill improvements differed between the groups (see Fig. 2A, D) . In regard to the latter effect, while the Structured-first group experienced the structured epochs in the first half of the task ensuring steeper general skill improvements, the Unstructured-first group experienced these epochs after already practicing the stimulus-response mappings for six unstructured epochs, because of which further improvements might have not occurred. Triplet learning and its change over the task did not differ between the groups over the structured epochs as shown by the non-significant Triplet * Group, F(1, 48) = 0.04, p = .840, Accordingly, this group showed triplet knowledge throughout the task, which, importantly, did not change in time (non-significant Triplet * Epoch interaction, F(5, 120) = 0.87, p = .502, η p 2 = .035) and did not differ between the structured and unstructured epochs (non-significant Sequence * Triplet, F(1, 24) = 1.54, p = .226, η p 2 = .060, and Sequence * Triplet * Epoch interactions, F(5, 120) = 1.52, ε = .669, p = .211, η p 2 = .060). As participants in this group 20 started the task with its structured half, general skill improvements over the structured epochs and a consistent speed of responding over the unstructured epochs were also found (significant Sequence * Epoch interaction, F(5, 120) = 25.28, ε = .693, p < .001, η p 2 = .513, see Fig. 2A, B) . learning was virtually zero on the unstructured epochs (-0.4 ms) but it gradually emerged across the structured epochs (5.9 ms). Nevertheless, the three-way Sequence * Triplet * Epoch interaction was not significant, F(5, 120) = 1.22, p = .302, η p 2 = .048 (see Fig. 2C, D) .
The Triplet by Epoch ANOVA conducted on the RTs measured separately in the 
Discussion
This study investigated whether the implicitly acquired knowledge on a 2 nd order transitional probability structure influences the processing of unpredictable transitional probabilities throughout a learning situation. To this end, the changes of RTs to more probable and less probable short-range transitional probabilities (triplets) embedded in a stimulus sequence were tracked. The stimulus sequence changed over the experimental task since an alternating regularity supporting the extraction of triplets was present in one half of the task blocks and absent in the other half, without explicitly denoting this change at the surface level. In line with our assumptions, while the participant group completing first the structured half of the task showed triplet learning across both the structured and unstructured blocks, the participant group completing first the unstructured half showed triplet learning only over the structured blocks and not over the unstructured blocks. Based on this between-groups difference, we suggest that the acquired implicit knowledge on the short-range transitional probabilities has been transferred or generalized across the learning situations. Importantly, this prior knowledge has been transferred to a stimulus stream with an equal transitional probability structure, consisting only of uniformly distributed stimulus chunks that otherwise could not be extracted.
Previously, in the study of Gaissmaier and Schooler (2008) , participants completed a binary choice task where the transition between the no pattern (no serial dependence in the sequence) and pattern half (repeating deterministic sequence) was clearly denoted. The study used a within-subjects design and the order of task halves was either counterbalanced or fixed across participants. Results indicated that participants who were more prone to search for patterns in the no pattern half of the task showed higher accuracy in the pattern half as compared with those participants who were less prone to follow any complex search strategy. This is partially in line with the present findings since participants completing first the structured blocks similarly perceived the relations of stimuli in the unstructured blocks as in the structured blocks. An important difference between the studies is, however, that the support of the alternating regularity that could have triggered the later applied implicit search strategies was present during the first half of the task only in one of the groups. In addition, participants did not know that they were in a learning situation and they did not have information on whether the sequence of stimuli was random or followed any underlying pattern. These between-study differences nevertheless suggest that the perception of participants could have been influenced by the primarily experienced transitional probability structure. In other words, because of the task environment, participants first training on the structured sequence might have worked up a tendency towards pattern detection, which could have resulted in forming implicit expectations about the upcoming stimuli. Meanwhile, some of the participants (in both groups) might have inherently possessed a baseline tendency towards pattern detection but this was not investigated here.
The constraining effect of the primarily acquired statistical structure was also shown by the study of Gebhart et al. (2009) , where, like in the present experimental design, no explicit information was provided about the change in structure during the task or the second structure was not presented for a longer duration. Regarding the ASRT task, it has already been demonstrated that the acquired implicit knowledge on the transitional probability structure remains stable over longer time periods such as one week (Nemeth & Janacsek, 2011) or even one year (Romano, Howard, & Howard, 2010) . Moreover, this knowledge is resistant to short periods of interfering sequences inserted into the course of learning not only after 24 hours but also after one year has elapsed .
In the Kóbor et al. (2017) study, the alternating regularity guiding the interference sequence partially overlapped with that of the primarily practiced, original sequence. This changed the frequency of the originally high-and low-probability triplets (for instance, 75%
of the high-probability triplets became low-probability ones), which resulted only in a modest degree of triplet learning on the interference sequence. Meanwhile, in the present study, the extent of triplet learning was comparable across the structured and unstructured blocks in participants first completing the structured sequence (see Fig. 2A-B and Fig. 3 ). This might originate from the fact that the unique triplets occurred with equal probability (25%) in the unstructured sequence, yielding a simpler probability distribution than that of the statistical structure used in the study of Kóbor et al. (2017) . In addition, the absence of the alternating regularity might have reduced or even eliminated any interference by not supporting the extraction of the changed transitional probabilities (as observed in the Kóbor et al. (2017) study). Instead, after short experience with the unstructured sequence, participants first completing the structured sequence might have implicitly identified the features common (i.e., triplets) across the two task halves, and this might have supported the generalization of the acquired transitional probability structure (cf., Robertson, 2018) . This way, the transfer effect could also be interpreted as the recall and implementation of the probabilistic structure. In relation to the ASRT task, the former and the present results altogether suggest that knowledge at the level of short-range transitional probabilities are acquired and the formed probabilistic representations are robust.
Establishing robust representations on the experienced statistical structure was found to be advantageous in relation to various perceptual and cognitive processes (cf. Gebhart et al., 2009; Todd et al., 2011 ). In the ASRT task, not only processes underlying implicit statistical learning are involved but also serial decision making takes place during task solving (Török, Janacsek, Nagy, Orbán, & Nemeth, 2017) . Considering the latter process, it was previously shown that information integrated over the recent history of stimuli influenced elemental visual perception (Fischer & Whitney, 2014) and post-perceptual decisions (Fritsche, Mostert, & de Lange, 2017) , which, by promoting the stability of perceptual experience, possibly supported adaptation to the ever-changing visual input. The short-range serial dependence already observed in perceptual decisions inherently characterizes decisions in the ASRT task due to the acquisition of the transitional probability structure. Beyond shortrange serial dependence, long-range ordered dependence biasing upcoming decisions has been demonstrated, as well (J. H. Howard, Jr. & Howard, 1997; Kóbor et al., 2018; Nemeth, Janacsek, & Fiser, 2013; Simor et al., 2019) . Furthermore, by showing triplet learning across the task halves, the present findings indicate even the transfer of serial dependence. Overall, the obtained transfer effect bolsters the idea that the robustness of the acquired representations might provide fast and automatic adaptation to the stimulus stream.
Contrary to robustness, instability of memory representations was found to increase their susceptibility to interference and thereby promoted learning transfer, at least between different memory tasks (Mosha & Robertson, 2016) . Although the notion of memory instability might not easily account for the observed findings, it has been suggested that, via generalization, successful adaptation to a range of tasks requires the forgetting or weakening of some specific features of the acquired representations (Robertson, 2018) . In the present case, this would have been the forgetting of the initial triplet frequency information and/or the structure of the alternating regularity when starting the other task half. Particularly, it is probable that participants first completing the structured blocks became gradually sensitive to the altered frequency of unique triplets. In support of this idea, in Figure 2B , it is observable that RTs to high-and low-probability triplets are approaching one another in the second half of the unstructured sequence (epochs 4,5,6 ), decreasing the extent of triplet knowledge. In particular, the extent of triplet knowledge averaged over the last two structured epochs is significantly larger than over the last two unstructured epochs (7.7 ms vs. 2.8 ms, t(24) = 2.46, p = .022). It is plausible to assume that after having had performed even more unstructured blocks, these participants would have learned that the originally high-probability triplets no longer occurred with higher frequency than the originally low-probability ones, and, therefore, the initial triplet frequency information would have been forgotten or "unlearned".
This could be in accordance with the findings of Szegedi- Hallgató et al. (2017) , indicating the coexistence of the previously and the recently acquired implicit knowledge on the changed statistical structure in the ASRT task. Considering the processes underlying these RT changes, instead of "unlearning", the forming of new memories or the reconsolidation of the previously created ones would also be possible (Chandler & Gass, 2013) . Overall, either concept supports the interpretation that in the present experiment, stimulus processing was determined by a prior internal model on the transitional probability structure that changed slowly with 26 accumulating experiences about the ongoing stimulus context (cf. Daw et al., 2011; Griffiths et al., 2008; Shohamy & Daw, 2015) . Future studies might investigate the effect of long-term practice with different structured sequences and whether a flexible set of representations applied in and transferred across conditions can be established.
Beyond triplet frequency information, the importance of the alternating regularity is highlighted by the performance of the group first completing the unstructured sequence.
Although the short-range transitional probabilities over the unstructured blocks were presented to this group in the same manner as to the other one, the order of task halves did matter (cf. Bischoff-Grethe, Martin, Mao, & Berns, 2001) . The use of the between-groups design assured the appropriate testing of the learning transfer. In addition, it implied that if no rule determined the stimulus presentation when primary experiences were gathered, from a uniform distribution of stimuli (i.e., triplets appearing with equal probability), transitional probabilities could not be extracted. Nevertheless, we cannot exclude the possibility that even without the alternating regularity, triplet learning would occur if the probabilities of the highand low-probability triplets were changed otherwise (e.g., keeping the original probability of occurrence of high-[62.5%] and low-probability [37.5%] triplets). To clarify the role of the alternating regularity in task performance, future studies should more directly investigate how and when the coding of stimuli according to their position in the probabilistic sequence takes place.
In terms of methodological issues, as the study of Reed and Johnson (1994) emphasizes, to properly test the acquisition of complex statistical structures, one should use training and transfer sequences differing only in 2 nd order transitional probabilities instead of using a random transfer sequence. Therefore, we deliberately avoided the use of fully random sequences; and, instead, we applied "equal probability" unstructured sequences, which were more controlled than the former ones. Since picking up transitional and distributional statistics 27 from the ongoing sensory environment is considered as an automatic and effortless human capacity (Fiser & Aslin, 2002; Orbán et al., 2008; Siegelman et al., 2017) , individuals should be tuned to implicitly perceive various temporal contingencies in the sensory input instead of regarding it as a stream of random stimuli (cf. Warren et al., 2018) . This would have been undesirable in the present experiment. In addition, previous research also demonstrated that participants would less likely search for underlying patterns if a sequence, compared with another, was subjectively perceived as more random, but, according to objective measures, was more structured (Wolford, Newman, Miller, & Wig, 2004) . Since triplet learning did not occur over the unstructured blocks in participants first completing these blocks, it is conceivable that the unstructured sequence, at least for the first experience, was perceived as truly random, however, it was, indeed, characterized by an "equal probability" structure.
In sum, the present experiment provided evidence for the implicit memory transfer of a complex transitional probability structure. From certain aspects, the obtained findings could contribute to the understanding of how implicit prior knowledge influences further perceptual and cognitive processing. Particularly, our results indicate that, due to the prior settings of perception and thereby the robustness of the acquired internal models, a stimulus environment lacking a predictable transitional probability structure is automatically processed according to the previously observed statistical structure. This means that the ongoing stimulus context is perceived in a model-based manner. Moreover, the extraction and transfer of short-range serial dependence seems to be present not only at the level of visual perception but also at the level of serial decision making. Finally, this study also highlights the importance of carefully constructing the underlying structure of training and transfer sequences in the investigation of statistical-sequence learning. Tables   Table 1. Descriptive data and performance on neuropsychological tests in the two groups. .71 (.15) 0.40 Note. The two groups did not differ in any of the dependent variables and all participants performed in the normal range on the neuropsychological tests. a In the case of violating the assumption of normality, the Mann-Whitney U test was performed, and the U statistic is provided. b In case of violating the assumption of homogeneity of variances, the robust Welch test of equality of means was performed, and the t statistic is provided. Handedness was assessed with the Edinburgh Handedness Inventory revised version (Dragovic, 2004a (Dragovic, , 2004b Oldfield, 1971) ; LQ = Laterality Quotient, −100 means complete left-handedness, 100 means complete right-handedness. The presentation of stimuli in the structured ASRT sequence followed an eight-element regularity, within which pattern (P) and random (r) elements alternated with one another. Numbers denote the four different stimulus positions on the screen. The alternating regularity made some runs of three consecutive trials (triplets) more probable than others. High-probability triplets are denoted with gold shading and lowprobability triplets are denoted with coral shading. (B) From the unstructured sequence, the alternating regularity was omitted, but the same unique triplets as in the structured sequence appeared with equal probability. Gold shading (upper row) and capital letter "H" (lower row) denote the third element of high-probability triplets, coral shading and "L" denote the third element of low-probability triplets, while white shading and "T" as "trill" denote the third element of some of those low-probability triplets that were eliminated from the analyses (see section Statistical analysis). Numbers denote the four different stimulus positions on the screen. Note that each stimulus (trial) is categorized as either the third element of a high-or a low-probability triplet in both sequences. For a given participant, at the level of unique triplets, the high-and low-probability triplets are the same in the structured and unstructured sequences. (C) In this version of the task, a stimulus appeared in one of four horizontally arranged empty circles on the screen in every 700 ms. Participants had to respond with one of the four response keys that corresponded to the position of the stimulus. They completed altogether 96 blocks, and eight-block-long units of the task were collapsed into larger time 
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